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Abstract
Objective—Knee and hip osteoarthritis (OA) are known risk factors for falls, but whether they 
together additionally contribute to falls risk is unknown. This study utilizes a biracial cohort of 
men and women to examine the influence of lower limb OA burden on the risk for future falls.
Methods—A longitudinal analysis was performed using data from 2 time points of a large 
cohort. The outcome of interest was falls at follow up. Covariates included age, sex, race, body 
mass index, a history of prior falls, symptomatic OA of the hip and/or knee, a history of 
neurologic or pulmonary diseases, and current use of narcotic medications. Symptomatic OA was 
defined as patient reported symptoms and radiographic evidence of OA in the same joint. Logistic 
regression analyses were used to determine associations between covariates and falls at follow-up.
Results—The odds of falling increased with an increasing number of lower limb symptomatic 
OA joints: those with 1 joint had 53% higher odds, those with 2 joints had 74% higher odds, those 
with 3–4 OA joints had 85% higher odds. When controlling for covariates, patients who had 
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symptomatic knee or hip OA had an increased likelihood of falling (aOR 1.39 95% CI [1.02, 
1.88]; aOR 1.60 95% CI [1.14, 2.24], respectively).
Conclusions—This study reveals the risk for falls increases with additional symptomatic OA 
lower limb joints and confirms that symptomatic hip and knee OA are important risk factors for 
falls.
Falls are a leading cause of morbidity and mortality in the elderly population and provide a 
substantial contribution to the healthcare cost burden [1–4]. In 2005, the CDC estimated that 
falls were associated with an estimated 24 billion healthcare dollars [1]. Approximately 15–
33% of the elderly population experience a fall every year and approximately 10 percent of 
all emergency department visits are secondary to falls [5–7]. As the population ages, the 
number of falls continues to grow. According to one study, the number of falls in the United 
States increased by 50% from 2001 to 2008 [7, 8]. Given this large impact of falls, it is 
essential to identify risk factors contributing to falls, particularly those that are modifiable. 
Many risk factors for falls have been considered; including female sex, balance, gait and 
visual deficits, diabetes and musculoskeletal diseases, including osteoarthritis (OA) [2–4, 9, 
10].
OA is the most common form of arthritis, affecting an estimated 26.9 million adults in the 
U.S. in 2005, and is thought to be a risk factor for falls in the adult population [1, 11–13]. It 
has been reported that individuals with self-reported OA experience 25% more falls than 
those without OA, and up to 50% of people with OA experience a fall every year [6, 13]. 
The Centers for Disease Control and Prevention recently reported that older adults with self-
reported physician-diagnosed arthritis had an increased risk for fall-related injuries, and 
were more than twice as likely to have 2 or more falls than those without arthritis [14]. 
Although this study helps show that arthritis is an important risk for falls, and should be 
considered in fall prevention, it has several limitations. The definition of arthritis was based 
on patient self-report of a healthcare professional diagnosis including “some form of 
arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia.” Information regarding specific 
types of arthritis, what joints or how many joints were affected, or whether there was 
radiographic evidence of arthritis were lacking. Additionally, the results were based on a 
cross-sectional analysis and could not infer causality, especially when examining a chronic 
disease such as arthritis.
Also illustrating the need for further research on the association between OA and falls are 
several studies that have shown OA may not be a risk for falls in certain populations [15]. 
For example, elderly men with radiographic OA of the knee and/or lumbar spine may not 
have an increased risk for falls, whereas women likely do [16]. Another group concluded 
that women with radiographic hip OA actually had a risk reduction by 30–40% for 2 or 
more falls, while those with self-reported arthritis or musculoskeletal symptoms had an 
increased risk for recurrent falls [17]. Foley et al. found that falls were associated with 
musculoskeletal pain and dysfunction but not with radiographic OA [11]. This literature 
suggests that certain populations with OA may be at more risk for falls than others, but is 
limited by the demographics of the study populations (each study was based solely on a 
single race or sex) and a lack of available simultaneous symptomatic and radiographic 
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evidence of OA. Further illustrating the need for more research, OA in multiple joint sites 
may increase risk beyond a single joint site alone. However, to date, there have been no 
studies exploring the effects of multi-joint OA on risk for falls.
The purpose of this analysis, therefore, was to explore risk factors associated with falls in 
persons with and without lower extremity OA. This was accomplished using a large cohort 
and longitudinal analysis of African American and Caucasian men and women, with a focus 
on symptomatic knee and/or hip OA and the cumulative effects of lower extremity multi-
joint OA. The results of this study will help determine which people are at a higher risk for 
falls and lead to a better understanding of the relationship between lower extremity OA and 
the risk for falls.
PARTICIPANTS AND METHODS
This longitudinal study used data from the Johnston County OA Project, a community-based 
prospective cohort study of non-institutionalized African American and Caucasian men and 
women, aged 45 years and older, living in rural North Carolina, both with and without OA, 
as previously described [18]. All participants provided written informed consent and 
completed 2 home interviews and one clinic visit during the baseline data collection 
(between 1999–2003, including the first follow-up [T1] of the parent cohort and a cohort 
enrichment group [T1*]) and follow-up time point (between 2006–2010 [T2], Figure); mean 
follow-up time was 5.96 ± 0.88 years (range 3–10 years). Demographics, other than the 
expected increase in age, were similar between the baseline cohort and the population with 
data at follow-up. The clinic visits included a physical examination, including radiographs 
(hands, knees, hips, and lumbar spine) administered by trained study personnel. Baseline 
data were obtained from interviewer-administered questionnaires. The analysis, which 
followed STROBE guidelines [19] included demographic, clinical, and radiographic data for 
each participant at the initial evaluation and the outcome of falls determined at the follow-up 
visit. The Johnston County OA Project has been continuously approved by the Institutional 
Review Boards of the University of North Carolina at Chapel Hill and of the Centers for 
Disease Control and Prevention in Atlanta, GA.
Definition of Falls
A participant was considered to have a fall if he or she answered “yes” to the question “In 
the last 12 months, have you had any falls of any type?” If the participant answered yes, the 
question was followed by “how many?” in order to determine the number of falls the 
participant experienced in the last 12 months. The primary outcome was one or more falls, 
although a sensitivity analysis was additionally performed with the outcome defined as two 
more falls.
Symptomatic OA Definition
Symptomatic OA was assessed separately for right and left sides at each joint site (knee 
and/or hip) and defined for analysis as the presence of symptoms, including pain, aching, or 
stiffness on most days, and radiographic evidence of OA (defined below) in the same joint. 
A sensitivity analysis was performed categorizing symptomatic OA by joint-specific 
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severity: no symptomatic OA, mild symptoms and Kellgren Lawrence (KL) grade ≥ 2, or 
moderate/severe symptoms and KL grade ≥ 2 at the knee and hip.
Radiographic OA Definition
Radiographs of the knees and hips were obtained on a single clinic visit and obtained using 
standard protocols. For knees, fixed flexion and weight-bearing posteroanterior radiographs, 
using the Synaflexer™device (CCBR-Synarc, San Francisco, CA), were read for KL grade 
[20]. Anteroposterior supine pelvis films were used to determine KL grade for hips. All 
films were read by a single experienced musculoskeletal radiologist (JBR) shown to have 
high intra- and inter-rater reliability (κ=0.89 and 0.86, respectively) [21]. Radiographic OA 
(rOA) was defined as KL grade ≥ 2 in any knee or hip joint. Replaced knees were 
considered as having OA if the participant reported OA as the reason for the replacement, or 
if rOA was present in the contralateral non-replaced knee. Replaced hips were categorized 
as OA only if the participant reported OA as the reason for the joint replacement, as hips 
more often than knees may undergo replacement for non-OA etiologies such as fracture or 
osteonecrosis. A sensitivity analysis was performed excluding those with joint replacement 
who may have improved pain and function after the procedure.
Covariates
Other covariates included age, gender, body mass index (BMI, kg/m2), a history of prior 
falls, current use of alcohol, tobacco, narcotic medications, bisphosphonate medications, 
sleep aids, or vitamin D supplement use, a history of lung problems (defined as patient 
report of chronic bronchitis, emphysema or other chronic respiratory conditions), neurologic 
disease (defined as patient report of multiple sclerosis, stroke, epileptic seizures or 
convulsions, paralysis of any kind, or Alzheimer’s disease), depressive symptoms (using the 
Center for Epidemiologic Studies Depression scale (CES-D), patient reported diabetes, 
blindness, cancer and low back symptoms.
Statistical Analysis
Descriptive statistics were calculated for the whole sample and separately for people 
reporting, and not reporting, a fall at the follow-up time point. Measures of central location 
and dispersion were computed for continuous data. Frequency distributions were determined 
for categorical variables. Missing data were assumed to be missing at random.
Logistic regression was used to determine the risk for future falls resulting from 
symptomatic knee and/or hip OA. Unadjusted odds ratios and adjusted odds ratios were 
determined controlling for baseline risk factors, including age, BMI, gender, race, and prior 
falls. Age and BMI were used in these models as continuous variables while gender and race 
were categorical variables. Models for each of our two exposures of most interest, 
symptomatic hip and/or knee OA, and multiple lower extremity joint OA, were explored. 
All potential covariates (listed above) were included initially, then dropped from the model 
if the p-values were >0.1. Covariates that were dropped from the models included: current 
smoking and alcohol use, the use of sleep and bisphosphonate medications, vitamin D 
supplement use, a history of diabetes, blindness, cancer, and low back symptoms.
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Interactions between symptomatic knee and hip OA and each of the remaining covariates 
were tested together. In models with significant interactions (p-values <0.1), appropriate 
sub-groups were examined, and point estimates and 95% confidence intervals were 
calculated separately for each sub-group. All statistical computations were performed using 
SAS Version 9.3 software (SAS Institute, Cary, NC).
RESULTS
There were 1,707 people who participated in the follow up visit. Of these, 82 participants 
did not have the necessary data to evaluate for symptomatic OA at baseline, and an 
additional 6 participants did not have data regarding a history of falls at both time points. 
This resulted in a total of 1,619 participants included in this study (Figure 1). Table 1 shows 
the baseline characteristics of the cohort overall and by fall status at follow-up. At baseline, 
the mean age was 62 and the mean BMI was 31. Of these participants, approximately 1/3 
were African American and 1/3 were men. Approximately 1/5 of participants reported at 
least 1 fall within 12 months of the baseline time point, and over 1/4 of participants reported 
the primary outcome of at least 1 fall during the 12 months prior to the follow up visit. More 
people fulfilled criteria for symptomatic knee OA than symptomatic hip OA. Self-reported 
comorbidities were frequently seen, while a small minority of participants reported taking 
narcotic or bisphosphonate medications (Table 1).
Compared with those not reporting a fall, individuals reporting a fall at follow up were more 
likely Caucasian, older, and female; those with a fall also more frequently reported use of 
narcotic medications, sleep aids, a history of lung or neurologic problems, history of prior 
falls, and scored higher on the CES-D. Symptomatic knee and hip OA, and multiple joint 
involvement, were more frequent among those reporting a fall at follow up compared to 
those without a fall (Table 1).
As shown in Table 2, the odds of falls increased with an increasing number of knee and/or 
hip joints with symptomatic OA. Compared with participants without symptomatic hip or 
knee OA, individuals with symptomatic OA in 1 lower limb joint had 53% higher odds for 
future falls, those with symptomatic OA in 2 joints had 74% higher odds, and those with 
symptomatic OA in 3–4 joints had 85% higher odds for future falls (Table 2). Caucasians, 
females, older participants, those who had had a previous fall, a history of lung problems, 
neurologic problems and those who reported use of narcotic medications also had greater 
odds for future falls.
As shown in Table 3, when included in the same model, symptomatic knee OA was 
associated with 39% higher odds, while symptomatic hip OA was associated with 60% 
higher odds of future falls, compared with participants without symptomatic lower extremity 
OA (Table 3). There was no significant interaction between these two variables (p=0.33).
The results from sensitivity analyses, 1) with the outcome defined as ≥ 2 falls 2) excluding 
those with knee (n=39) or hip (n=13) replacement and 3) considering symptom severity for 
symptomatic OA were similar to the reported results (data not presented).
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This is the first study to demonstrate that increasing lower extremity joint symptomatic OA 
burden increases the odds of future falls, independent of known risk factors such as age, 
gender, race, and prior history of falls. It also confirms that symptomatic knee and hip OA 
are associated with greater odds of future falls. Therefore, individuals with symptomatic OA 
are at greater risk of falls, and are a group that may benefit from focused falls prevention 
programs.
The greater odds of falls associated with an increasing number of symptomatic OA joints in 
the current study is novel, but consistent with prior work examining the role of widespread 
pain and multiple musculoskeletal disorders on falls. Women with widespread pain had 
greater than a 60% increased risk for falls compared to those with less pain [12]. These 
authors also found that patients with more OA had more widespread pain, which may be one 
contributing factor that leads to more falls [12]. Another group analyzed the role of chronic 
musculoskeletal diseases in a large population and found that the risk of falls increased with 
an increasing number of musculoskeletal diseases (including OA, low back pain, and 
rheumatoid arthritis) in a given individual [9]. Though their investigation included 
rheumatic conditions in addition to OA, these results help support the finding that people 
with more musculoskeletal pathology are at an increased risk for falls. We found that 
symptomatic hip OA was somewhat more strongly associated with falls compared with knee 
OA (Table 3), although both were independently associated with the outcome. The model 
was initially adjusted for low back symptoms to account for any overlap in self-reported 
“hip” and “low back” symptoms by participants, but the presence of low back symptoms 
was not associated with falls and was dropped from the model, indicating that the 
association is primarily with hip disease.
Our results showing that symptomatic knee and hip OA increase the risk for falls are 
consistent with prior work [2, 5, 9, 14, 17]. However, our study is unique as we were able to 
use symptoms and radiographic evidence together to better phenotype OA, while most prior 
studies used patient-reported arthritis or OA, and symptoms or radiographic evidence of 
arthritis as individual risk factors. In clinical practice, symptoms and radiographic evidence 
are often used together in diagnosing and evaluating patients with OA. Using 
musculoskeletal symptoms alone as an explanatory variable does not allow determination of 
whether symptoms are secondary to OA or from other etiologies, such as chronic pain 
syndromes, generalized muscle weakness, inflammatory arthritis, or other underlying 
musculoskeletal pathology. This makes it difficult to identify any potential underlying 
modifiable risk for falls. Radiographic definitions alone are also not sufficient, as it is well 
documented that radiographic OA and symptoms do not correlate perfectly [22]. We were 
also able to utilize longitudinal data from this cohort to better assess causality, and to 
include a large number of potentially relevant covariates.
The mechanism by which OA may increase the risk for falls is not entirely understood, and 
further work in this area is needed to understand how this risk can be modified. As shown in 
previous studies, people who report more joint pain have an increased risk of falls 
independent of radiographic presence and severity of OA [11, 12, 16, 17, 23, 24]. This 
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suggests that the radiographic structural changes in OA are not the only factor affecting fall 
risk. It has been postulated that pain and musculoskeletal symptoms related to OA lead to 
decreased use of the affected limbs and joints, muscle weakness, postural imbalance, and 
poor functional performance, resulting in an increased risk of falls [6, 15]. This explanation 
would be consistent with our findings, as more joints with symptomatic OA may be 
associated with more cumulative pain, muscle weakness, and decreased functional status, 
leading to greater risk of falls.
Given the association between musculoskeletal symptoms and falls, pain control could be a 
potential approach to fall prevention. However, there is sparse evidence that pain 
medications and pain control in OA have actually been associated with decreased falls. One 
subgroup analysis based on an observational study involving people with OA showed that 
daily analgesic use was protective against falls [12]. It is also important to note that prior 
research has shown that increased narcotic pain prescriptions for treating OA in the elderly 
are associated with an increased risk for falls [25]. Our study did show a trend towards an 
association between narcotic use and falls; however, this was not statistically significant 
likely due to a small number of individuals reporting the use of narcotic medications. Since 
there is no strong evidence that pain medications help with fall prevention in OA, and may 
be associated with an increased risk, other modalities such as physical therapy should be 
considered. There is strong evidence supporting the use of physical therapy, exercise, and 
strengthening in treating OA-related pain and dysfunction [26–29]. Although research has 
shown that exercise can prevent falls in the general elderly population, this has not been 
explored adequately in individuals with OA [15].
This study has many strengths, including the large sample size, availability of detailed 
symptomatic and radiographic OA data, and detailed questionnaire data regarding other 
potential risk factors. It also differs from many prior studies exploring OA and falls because 
the cohort consisted of community-dwelling African American and white men and women 
with and without OA. The availability of data at more than one time point offers advantages 
with regard to consistency in measurement and examination of relationships among 
variables over time.
Limitations to this work include the definition of falls, which is open to subjective bias 
based on the participants understanding of the question “Have you had any falls of any type 
within the last 12 months?” This is a common problem in falls research, as there is not a 
commonly used definition of a “fall” and in most cases defining a “fall” is subject to the 
participants’ recollection of a fall, rather than having objective evidence of a fall. The 
question did not include severity of falls, and any additional falls outside of the 12-month 
window would not have been captured. Self-reported falls data generally agree with 
prospective calendar-based recording of falls, although under-reporting can be an issue, and 
self-reported injuries suffered due to falls may be less reliable [30]. There was a relatively 
small number of participants who had multi-joint symptomatic OA, in particular 3–4 
involved joints. This resulted in wider confidence intervals and a lack of statistically 
significant results in the association between falls and those with 3–4 symptomatic OA 
joints. However, there remained a trend toward an association between increased number of 
OA joints and increased risk for falls. The non-OA covariates were self-reported, and it is 
Doré et al. Page 7













possible that individuals with a chronic illness such as OA may be more likely to report 
comorbid conditions than those without. Additionally, as in any observational study, 
unmeasured confounders (such as diabetic neuropathy) could be important contributors to 
the outcome and may have been missed.
Conclusions
Individuals with multi-joint lower extremity symptomatic OA, and those with symptomatic 
hip or knee OA, are at an increased risk for falls independent of known risk factors. This is 
the first study examining the direct relationship between multi-joint lower extremity OA and 
the risk for falls. These results suggest that when designing future interventions aimed at 
enhancing fall prevention, investigators should not ignore the impact of lower limb OA, 
particularly hip OA and multi-joint lower extremity OA.
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• Falls are a leading cause of morbidity and mortality in the adult population.
• Osteoarthritis (OA) is thought to be a risk factor for falls; however, many 
previous studies have had conflicting results and have been limited due to study 
design.
• To date, no studies have explored the role and cumulative effects of multi-joint 
lower extremity OA on the risk of falls.
• Our study helps to clarify the increased risk of falls associated with knee and hip 
OA as well as multi-joint lower limb OA.
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Table 1
Baseline Characteristics of the sample (n=1619)
Characteristic n/N (%) or mean (range) Those with fall at follow 
up (n=425)
Those without fall at 
follow up (n=1194)
p-value
Caucasian: 1127/1,619 (69.6) 319 (75.1) 808 (67.7) 0.005
Men: 529/1,619 (32.7) 113 (26.6) 416 (34.8) 0.002
Mean Age: years (range) 62 (45–89) 64 (45–89) 62 (45–85) 0.001
Mean BMI (kg/m2): (range) 30.8 (17.1–65.8) 31.2 (18.8–54.0) 30.6 (17.1–65.8) 0.108
Current Smokers: 223/1,619 (13.8) 49 (11.5) 174 (14.6) 0.118
Current Alcohol use: 319/1,619 (19.7) 71 (16.7) 248 (20.8) 0.070
History of Narcotic use1: 50/1,613 (3.1) 23 (5.5) 27 (2.3) 0.001
History of Sleep Aids: 607/1,611 (37.7) 178 (42.1) 429 (36.1) 0.030
History of Bisphosphonate use: 96/1,614 (6.0) 29 (6.9) 67 (5.6) 0.358
History of Vitamin D use: 373/1,561 (23.9) 105 (25.9) 268 (23.2) 0.280
Reported Lung Problems2: 311/1,619 (19.2) 109 (25.7) 202 (16.9) <.0001
Reported Diabetes: 258/1,619 (15.9) 79 (18.6) 179 (15.0) 0.082
Reported Neurologic Problems3: 122/1,619 (7.5) 47 (11.1) 75 (6.3) 0.002
Reported Blindness: 67/1,619 (4.1) 24 (5.7) 43 (3.6) 0.069
Reported history of Cancer: 175/1,618 (10.8) 45 (10.6) 130 (10.9) 0.876
Median CES-D4 : (range) 6.06 (0–53) 7.21 (0–53) 5.66 (0–46) 0.001
Falls at baseline: 352/1,616 (21.8) 146 (34.4) 206 (17.3) <.0001
Symptomatic Knee OA: 321/1590 (20.2) 111 (26.5) 210 (17.9) 0.001
Symptomatic Hip OA: 196/1518 (12.9) 78 (19.7) 118 (10.5) <.0001
1 Symptomatic Lower Extremity Joint 218/1498 (14.5) 72/392 (18.4) 146/1106 (13.2) <.0001
2 Symptomatic Lower Extremity Joints 166/1498 (11.1) 63/392 (16.1) 103/1106 (9.3)
3–4 Symptomatic Lower Extremity Joints 45/1498 (3.0) 19/392 (4.9) 26/1106 (2.4)
Falls at follow-up time point: 425 (26.3) - -
1
Defined as self-reported narcotic use for > 2 weeks (dichotomous)
2
Includes patient report of chronic bronchitis, emphysema or other chronic lung trouble (dichotomous)
3
Includes patient report of multiple sclerosis, stroke, epileptic seizures or convulsions, paralysis of any kind, or Alzheimer’s disease
4
Center for Epidemiologic Studies Depression scale (continuous [0–60], higher scores=more depressive symptoms)
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Table 2
Associations (Adjusted Odds Ratios and 95% Confidence Intervals) between Number of Lower Extremity 
Joints with Symptomatic OA, Covariates, and Future Falls
Characteristic Adjusted Odds Ratio (95% CI)
No Symptomatic OA* Joints 1.00
1 Symptomatic OA Joint 1.53 (1.10, 2.14)
2 Symptomatic OA Joints 1.74 (1.19, 2.53)
3–4 Symptomatic OA Joints 1.85 (0.96, 3.55)
Caucasian 1.39 (1.05, 1.84)
Female 1.36 (1.04, 1.77)
Age (per year) 1.02 (1.01, 1.04)
BMI (per kg/m2) 1.01 (0.99, 1.03)
Falls at baseline 2.37 (1.80, 3.12)
Lung Problems 1.50 (1.12, 2.01)
Neurologic Problems 1.63 (1.07, 2.49)
Narcotic Use 1.88 (0.99, 3.57)
*
Symptomatic OA is defined as radiographic evidence of OA and pain, aching, or stiffness in the same joint.
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Table 3
Associations (Adjusted Odds Ratios and 95% Confidence Intervals) between Symptomatic Knee and Hip OA, 
Covariates, and Future Falls
Characteristic Adjusted Odds Ratio (95% CI)
Symptomatic Knee OA* 1.39 (1.02, 1.88)
Symptomatic Hip OA* 1.60 (1.14, 2.24)
Caucasian 1.38 (1.04, 1.83)
Female 1.33 (1.02, 1.74)
Age (per year) 1.03 (1.01, 1.04)
BMI (per kg/m2) 1.01 (0.99, 1.03)
Falls at baseline 2.35 (1.80, 3.08)
Lung Problems 1.50 (1.12, 2.01)
Neurologic Problems 1.61 (1.06, 2.46)
Narcotic Use 1.91 (1.01, 3.63)
*
Symptomatic OA is defined as radiographic evidence of OA and pain, aching, or stiffness in the same joint.
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